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DISTRIBurION OF RECENT FORAMINIFERA IN 
THE RAPPAHANNOCK ESTUARY 
INTRODUCTION 
This study was undertaken to determine the distribution of 
benthonic Foraminifera in recent sediments of tt.e Rappahannock Estuary 
and bordering marshes. The Rappahannock was selected for study because 
it has a good range of environmental conditions, from fresh to brackish­
marine. Hydrography of the estuary has been investigated by the 
Chesapeake Bay Institute (1952, 1954, 1955) and recent sediments have 
been studied by Nelson (19&), 1961, 1962). Thi�: investigation was 
supported by the National Science Foundation Research Participation 
Program in the summer of 1962 (NSF-G20443). 
The Rappahannock River of northwestern Virginia and its estuary, 
a tributary of Chesapeake Bay, drains 2,700 squares miles of Atlantic 
Coastal Plain and Piedmont. In lower reaches of the estuary, marginal 
shoals pass into a narrow deep basin with depth�: of f:D-70 feet. Upstream 
the basin shoals into a channel averaging less than 25 feet deep. Marshes 
largely are confined to tributaries; in the main estuary they fringe 
shores of middle and upper reaches. 
ENVIRONMENT 
The mean range of the tide increases from about 1.1 feet at the 
mouth to 2.3 feet near the head (Haight et al. 1930). Salinity increases 
with distance downstream and with depth from surface to bottom. In summer, 
salinity averages l8 °/oo at the mouth whereas at Tappahannock, 37 miles 
upstream, it averages 1 °/oo. Flooding reduces salinity at the mouth to 
9 °/oo, but under drought conditions salinity increases to 21 °/oo at the 
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mouth and 13 °/oo at Tappahannock. Inasmuch as variations of salinity 
due to the tide are relatively small, less than 1 °/oo, seasonal vari­
ations are the most important. 
Marshes bathed by estuarine water have salinities similar to­
those of the adjacent estuary. The pH is slightly acid; values range 
from 6.5 to 7.0. Muds of the marshes are generally more acid than the 
overlying water; values at a depth of 1 cm in the sediment reach 6.o 
pH. 
Muddy sediments, largely silty clay, predominate in the upper 
reaches of the estuary, tributary creeks and fringing marshes. Channels 
and basins of the lower reaches also are muddy, but adjoining shoals 
are sandy. 
Environmental data are listed in Tables 1 and 2. 
METHODS 
Over 150 samples were collected during six field trips to the 
estuary in June and July 1962. Stations were established along traverses 
across the estuary and up tributary creeks at 3 to 8 mile intervals 
(Fig. 1). Marshes were sampled across intertidal vegetation zones. 
Bottom samples were taken in the estuary with either a modified 
Phleger corer or with a hand corer fitted with 2-inch plastic tubing. 
Where the coring apparatus failed, a Petersen grab was used to obtain 
sufficient sample material. Marsh samples were collected by inserting 
a "2-inch" diameter plastic tube into the sediment. Constant volume 
samples were obtained by removing the top 1 cm of sediment from two 
cored portions (20 ml each) using a core cutter designed by Phleger 
(196o, p. 25). Marsh collections consisted of three cored portions 
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instead of two in order to provide a sufficient quantity of material. 
All samples were fixed with about 5 ml of 10 percent neutralized 
formalin and stained with rose Bengal to aid in distinguishing 
living specimens from empty tests. 
Samples were washed through a 0.062 mm screen and concentrated 
using standard laboratory procedures described by Pbleger (196o). A
solution of tetrabromethane and carbon tetrachloride, in the proportion 
1:20 respectively, improved concentration. Organic detritus was 
carefully decanted prior to processing, but if excessive, as in marsh 
samples, the material was examined wet. 
Field collections in the marsh were augmented. by aqueous measure-
ments of pH, salinity and temperature. The pH was rr..easured with a 
portable Beckman pH meter standardized against a k.ncwn pH. Salinity 
was determined by silver nitrate titration using a method outlined by 
Barnes (1959). Temperature was measured with a stem thermometer. 
Microscopical analyses consisted of counting specimens, both 
living (stained) and dead, spread out over a gridded tray. Percentages 
of each species were calculated and the total number of specimens per 
20 ml (top l cm of each core) of wet sediment was estimated. 
FORAMINIFERAL SPECIES 
Twenty-three species of Foraminifera have been indentified from 
the Rappahannock Estuary and adjacent tributaries and marshes (Tables 3, 
5 and Pla.te.1). The fauna is dominated by arenaceous forms, chiefly 
Ammobaculites crassus, Miliammina fusca and Ammoastuta salsa. In deeper 
parts of the lower estuary the calcareous species Elphidium incertum is 
the major foraminiferal element. 
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Because the reliability of the ecological interpretations ulti-
mately depend?,at least in part, on the reliability of the taxonomy, a 
few of the taxonomic problems are considered briefly here. 
Elphidium incertum varieties A and B, and Ammobaculites crassus, 
by far the most abundant faunal constituents in the estuary, are character-
ized by considerable variation. A. crassus was tentatively subdivided on 
the basis of certain characteristics such as the degree of twisting and 
enlargement of the planispiral portion, and the distinctness and inclina-
tion of the sutures. Although different morphotypes were identified and 
counted on the basis of these characteristics during the study, it was 
believed upon completion of counting that the differences were insignifi-
cant, difficult to reproduce, and, therefore, probably represent variations 
within the species. 
Elphidium incertum variety A is distinguished from�· incertum 
variety B by its more opaque test, larger and more irregular umbilical 
bosses, and more prominent retral prOcesses.· Furthermore, E. incertum 
variety B is nearly transparent, has glassy sutural bands, and glassy 
bead-like processes on the umbilical plug. The two varieties of E. 
incertum, however, show considerable overlap in their characteristics 
and distribution. 
Varieties of Streblus beccarii offer no particular difficulty 
in discrimination. S. beccarii variety tepida is smaller than S. beccarii 
variety parkinsoniana and lacks the prominent umbilical plug and dorsal 
limbate sutures. In numerous samples, particularly in deep water of the 
lower basin, only the chitinous lining is preserved; however, a complete 
series, from whole calcareous tests, through partially leached tests, to 
only chitinous tests are present so ·that identification is not in doubt. 
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DISTRIBUTION OF FORAMINIFERA 
Abundance 
The distribution of total populations, both living and dead, is 
shown in Figure '2A and listed in Tables 3 and 5. Abundance of specimens 
in tributary creeks and near their confluences with the estuary is higher 
than elsewhere. Total populations reach an estimated 6,986 specimens per 
20 ml of wet sediment in Piscataway Creek. Relatively small populations 
occur on sandy shoals near the mouth of the estuary and also in the upper 
estuary channel off Lancaster Creek. In general, the distribution is 
marked by large variations from place to place; however, there is an overall 
trend of increasing total populations with distance up the estuary and its 
tributaries. Marsh populations are also highly variable but usually smaller 
than estuary populations. 
Living populations are small throughout both the estuary and 
the marsh (Tables 4 and 6). The greatest number of live specimens was 
obtained in Lagrange Creek where 334 specimens were recorded per 20 ml of 
wet sediment (Fig. 2B). Living populations are most widespread in the 
estuary off Urbanna. Although variable, populations of the marshes reach 
signif'icant numbers at various places along the estuary and its tributaries 
(Fig. 2b). 
The ratio of living and dead populations has been used as an 
index to the relative rate of sedimentation, a higher ratio suggesting a 
relatively rapid rate of sedimentation (Phleger, 19Eb). These ratios 
have been calculated and mapped to delineate areas of relatively rapid 
sedimentation. In most cases, such areas a.re situated near the mouths of 
tributaries. Dead specimens of!· crassus are extremely abundant in the 
Corrotoma.n River and in Lancaster and Piscataway Creeks but live specimens 
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are rare. This suggests that within these tributaries the rate of sedi­
mentation is very low. On the other hand, Lagrange Creek has large numbers 
of live .Ammobaculites crassus and, inasmuch as this is a comparatively 
shallow creek, the evidence suggests that it may be undergoing more rapid 
s edimentation than other tributaries. 
FACIES 
Two foraminiferal facies a.re recognized in the Rappahannock 
Estuary and tributary creeks (Fig. 2B). An Elphidium facies dominated by 
Elphidium incertum is located in the deep lower reaches of the estuary, 
and an Amm.obaculites facies, characterized by .Ammobaculites crassus, in 
the upper estuary. The boundary between the two facies has been placed 
where the number of Elphidium is equaJ. to that of Ammobaculites. The 
Elphidium facies contains a few other calcareous species such as Elphidium 
subarcticum and Streblus beccarii varieties as well as specimens of 
Ammobaculites crassus. The greatest concentration of Elphidium incertum 
populations is off the mouth of the Corrotoman River. The distribution 
of Elphidium incertum is, at least partly, restricted by salinity. It is 
confined to relatively high salinity water (14 °/oo) occurring in the 
lower layer of the two-layered estuarine system. 
The .Ammobaculites facies characterizes the estuary from 20 to 
4o miles above the mouth and extends seaward aJ..ong the sandy shoals of 
the lower estuary. The greatest numbers of specimens per sample were 
noted in Lagrange, Lancaster, a.nd Piscataway Creeks and in the Rappahannock 
north of Tappahannock and off the mouth of Piscataway Creek (Fig. 3). 
Above its upstream limit, 5 miles northwest of Tappahannock, this facies 
is replaced by microfauna consisting largely of thecamoebinids. In 
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addition to!· crassus, this facies includes, on marginal shoals, specimens 
of arenaceous Haplophragmoides species, .Arnmoastuta: salsa, species of 
Trochammina and Miliammina fusca as well as the calcareous form of Streblus 
beccarii variety tepida. Except for Miliammina fu�, these species are 
rarely found living in the estuary. They,may, therefore, represent con­
taminants from nearby marshes where they are indi§;enous. 
Variations in the abundance of Elphidium incertum and Ammobaculites 
crassus across sections of the estuary are illustrated in profiles pre­
sented in Figs. 4-12. Elphidium is primarily a deep-water inhabitant of 
lower reaches but Ammobaculites predominates in the shoals on each side 
(Figs. 4-8). Farther upstream Elphidium diminishes in importance and at 
traverse 6 (Fig. 9) it is entirely replaced by .Amr:1obaculites. 
The marsh fauna is divisible into two general facies: 1) a 
Trochammina or bay-marsh facies in lower reaches of the estuary and 
tributary creeks, 2) and Ammoastuta facies in upper reaches and 
creeks. The lower facies grades into the upper facies both along the 
main estuary and also along tributary creeks. Ma:o.y marsh species of the 
lower facies extend into the upper estuary but f�N species of the upper 
facies occur in the lower facies. This suggests that the upper marsh 
species are more restricted in their distribution owing to·their adapta­
tion to restricted environmental conditions dominated by freshened water. 
Species of the lower marsh fauna are adapted to a wider range of conditions 
from fresh to brackish marine and, therefore, are more widely distributed. 
Sections across intertidal marsh zones show that in the lower 
seaward zone both species composition and total :populations are highly 
variable from place to place. In the higher landward zone faunal com­
position is more uniform. 
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SUMMARY 
Benthonic Foraminifera were studied in 126 samples from the 
Rappahannock estuary and marshes. The distribution is dominated by: 
1) an Elphidium facies in the lower estuary, 2) an Ammobaculites facies
in the upper estuary, 3) a Trochammina facies in marshes of the lower 
reaches, 4) an Ammoastuta facies in marshes of the upper reaches 
and creeks. Live-total ratios off mouths of tributary creeks indicate 
that sedimentation is relatively rapid there. 
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Explanation of Plate No. I 
Magnification of figures is x80; scale is shown in lower left corner 
of plate. 
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20B. 
Astrammina rara. 
Reophax scottI':"" 
Haplophragmoides hancocki. 
Haplophragmoides manilaensis. 
Haplophragmoides wilberti. 
Dorsal view of Arenoparella mexicana. 
Ventral view of Arenoparella mexicana. 
Arnmobaculites crassus, large specimen. 
Arnmobaculites crassus, medium-sized specimen. 
Ammobaculites crassus, small specimen. 
Arnmobaculites dilatatus; outline is x8o, sketch of specimen 
is x4o. 
.Ammobaculites exiguus. 
.Ammoastuta salsa. 
Miliammina earlandi. 
Miliammina fusca. 
Dorsal view of Tiphotrocha comprimata. 
Ventral view of Tiphotrocha comprimata. 
Dorsal view of Trochammina macrescens. 
Ventral view of Trochammina macrescens. 
Dorsal view of Trochammina squamata. 
Ventral view of Trochammina squamata. 
Elphidium incertum va. A, medium-sized specimen. 
Elphidium incertum var. B, large specimen showing well 
developed retral processes. 
Elphidium incertum var. B, showing bead-like processes 
in umbilical area and along sutures. 
Elphidium incertum var. B, with well developed_ retral 
processes. 
Elphidium subarcticum. 
Ventral view of Streblus beccarii var. parkinsoniana, 
showing prominent umbilical boss. 
Ventral view of Streblus beccarii var. tepida. 
Dorsal view of Streblus beccarii var. tepida, showtng 
somewhat limbate sutures. Streblus beccarii var. 
parkinsoniana is similar in dorsal view. 
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Table 1 • Selected foraminif'eral, physical, and chemical data for 
sampling stations on the Rappahannock Estuary, Jupe-July 
1962 (for code see next page). 
Station A B c D E F G H I J K 
1 0 0 0 0 0 0 0.000 8 14.:2 6·4 medium sand 
2 0 0 0 0 0 0 0.000 14 14.:2 6.4 fine sand 
3 57 0 103 0 0 0 0.000 25 14.:2 6·4 clayey silt 
4 73 0 59 2 3 0 0.009 32 14· :5 7.5 clayey silt 
5 5 0 261 2 0 0 0.007 44 14· .5 7.4 clayey silt 
6 4 0 2 0 2 0 0·000 32 14·5 7.4 silty sand 
7 0 0 1 0 6 0 0.000 21 14.,4. 6.2 fine sand 
8 5 0 1 0 1 0 0.000 7 14.,4. 6-2 fine sand 
11 11 0 0 0 0 0 0.000 8 14·2 6·4 sand 
12 321 0 0 0 17 0 0.000 14 14·2 6-4 medium sand 
13 73 0 99 3 1 0 0.012 24 14·2 6·4 silty sand 
14 124 0 363 0 3 0 0.000 30 14·2 6·4 clayey silt 
15 0 0 547 8 4 0 0·018 55 14.5 7.4 clayey silt 
16 9 0 274 5 0 0 0.016 67 14·5 7.4 clayey silt 
17 173 1 31 0 2 0 0.006 56 14·5 7.4 medium sand 
18 197 0 0 0 20 0 0.000 14 14·4 6·2 medium sand 
19 22 0 0 0 0 0 0·000 8 14.4 6-2 coarse sand 
20 2212 7 233 0 0 0 0.003 20 silty clay 
21a 1176 0 24 0 12 0 0.000 17 silty clay 
22 98 2 0 0 0 0 0.041 8 15.7 5.7 medium sand 
23 226 0 912 0 0 0 0·008 21 15·7 5.7 clayey silt 
24 217 0 42 4 0 0 0.014 25 15·7 5.7 clayey silt 
25 78 3 856 21 3 0 0·028 30 15·7 5.7 clayey silt 
26 41 0 101 1 1 0 0.003 35 13.9 6-0 clayey silt 
27 10 0 351 3 0 0 0.008 65 13·9 6.o clayey silt 
28 60 0 15 4 1 0 0.046 43 13.9 6.o clayey silt 
29 114 7 239 42 1 0 0.134 34 13.9 6.o clayey silt 
30 322 0 325 14 2 0 0.019 22 13.9 6-0 clayey silt 
31 1271 0 24 0 0 0 0·000 21 13.9 6·0 clayey silt 
33 536 25 0 0 0 0 0.047 5 17.2 5.0 fine sand 
34 91 0 0 0 0 0 0.000 9 17·2 5.0 medium sand 
36 52 0 127 0 0 0 0.000 55 13.3 4·6 clayey silt 
37 227 0 186 3 2 0 0.006 30 13·3 4·6 clayey silt 
38 487 4 0 0 2 0 0.012 12 13.4 5.7 medium sand 
39 284 3 0 0 0 0 0.012 6 13.4 5.7 medium sand 
40 787 42 0 0 8 0 o.os7 2 14·2 6-0 fine sand 
42 2235 42 17 8 0 0, 0.027 6 13·7 5·2 sandy silt 
43 2214 20 0 0 0 0 0.009 12 13 •. 7 5·2 sand-silt-clay 
44 518 13 28 0 0 0 0.023 18 13 •. 7 5·2 clayey silt 
45 317 7 337 7 0 0 0.042 30 13 •. 7 5·2 clayey silt 
46 36 0 294 6 0 0 o.064 81 14 •. 1 2·7 clayey silt 
47 56 1 32 4 1 0 0.033 22 14 •. 2 6.o clayey silt 
48 578 3 136 0 0 0 0.009 13 14 •. 2 6·0 fine sand 
49 1005 8 0 0 4 0 0.054 7 14 .. 2 6.o fine sand 
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Table 1 continued 
Station 
50 
51 
52 
53 
54 
55 
56 
57 
61 
62 
63 
64 
65 
66 
70 
71 
72 
73 
74 
75 
76 
77 
78 
81 
82 
83 
91 
101 
102 
103 
230 
233 
234 
A-
B-
c-
D-
E--
F--
G-
H--
I-
J-
K--
A B c D E F G H I J 
2434 15 0 0 0 0 0.006 6 14·2 3·2 
632 2 0 0 0 0 0.003 11 14·2 3·2 
13 0 11 0 0 0 0.016 17 14·2 3.2 
3 0 0 0 0 0 0.000 41 13.7 2·7 
40 1 4 0 1 0 0.010 26 13.5 4.7 
2084 7 7 0 7 0 0.006 14 13.5 4.7 
236 36 0 0 1 1 0.156 5 13.5 4.7 
2283 13 0 0 0 0 0.005 5 13·5 4.7 
742 3 0 0 0 0 0.003 7 11 ·9 4.7 
2655 0 0 0 0 0 0.000 13 11·9 4.7 
180 1 5 0 7 0 0.003 30 12·5 5.5 
553 0 0 0 24 0 0.000 20 13·3 5·2 
1626 0 0 0 127 0 0.000 12 13·3 5·2 
959 41 0 0 7 0 0·043 7 13.3 5.2 
4217 24 0 0 601 36 0·012 4 10.8 6.1 
4351 53 0 0 412 13 0.01.3 4 9·3 6-.3 
265 14 0 0 48 1 0.042 10 9.3 6·3 
56 0 0 0 4 0 0.000 22 10· 1 7.0 
963 0 0 0 122 0 0.000 9 10·8 6·1 
530 0 0 0 245 0 0·000 15 
4394 0 0 0 2305 0 0.000 6 
3007 0 0 0 1168 0 0·000 9 
239 0 0 0 312 0 0.003 10 
569 0 0 0 � 0 0.000 4 
4336 0 0 0 120 0 0·000 29 
955 0 0 0 44 0 0·003 6 
0 0 0 0 2 0 0.000 21 
2616 334 0 0 0 0 0.124 4 
4209 92 0 0 13 0 0.021 4 
6019 0 0 0 20 0 0.000 4 
1534 0 0 0 400 410 0.000 7 
6576 0 0 0 0 0 0.009 4 
3405 0 0 0 0 0 0.000 4 
calculated number of Ammobaculites crassus in 1 cm sample 
a. n 
n n 
" II 
n " 
u n 
It 
" 
n 
11 
" 
live Ammobaculitee craaaus in 1 cm sample 
Elphidium incertum in 1 cm sample 
live Elphidium incertum in 1 cm sample 
marsh species in 1 cm sample 
live marsh species in 1 cm sample 
live/total ratio for all species 
depth in feet 
K 
silty clay 
silty clay 
silty clay 
silty clay 
silty clay 
sandy silt 
coarse sand 
silty clay 
silty clay 
silty clay 
silty clay 
silty clay 
silty clay 
sand-silt-clay 
sand-silt-clay 
silty clay 
silty clay 
clayey silt 
sand-silt-clay 
clayey silt 
silty clay 
silty clay 
silty clay 
silty clay 
sand-silt-clay 
sand-silt-clay 
silty clay 
silty clay 
silty clay 
clayey silt 
sand-silt-clay 
silty clq 
silty cl&y' 
salinity in parts per thousand; figures interpolated from summer, 1959 survey 
dissolved. oJcy"gen in parts per million; figures interpolated from summer, 1959 
survey 
bottom sediment type 
Table 2. 
��tat ion 
2lJO 
201 
202 
203 
204 
205 
206 
207 
20.g
21)9
210
211
212
213
215
216
217
2rn
220
.221
222
223
221+
225
226
227
228
229
231
232
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
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Physical, cherr.icnl data for marsh station, Rappahannock hiver, and
related vegetation zones, June - July 1962
pH 
TOC S oLoo dater 
2·25 7.0 
5·68 6.9 
22·6 6.9 
4·09 6.6 
20.5 7.0 
1·82 6.9 
2.79 6.8 
21.0 
21.0 o.68
22·5 0.30 
27-1 1.36 
27·3 0.95 
0.79 
0.79 
0.79 
0.79 
13.95 
13.03 
24.7 12.14 
12.11 
12.14 
9.13 6·7 
24· 1 5.16 �.5 
24.·3 9.94 6.6 
23.9 9.s5 6.6 
0.59 6.9 
1.89 6·7 
2.12 6·9 
5 .24.
10.47 
1 .14 
2.92 
0.22 
11.12 
24.0 o.18
o.18
26.0 16.25 
8,43 
26.4 g.43
16.43 
26.4 16·43 
}1uri 
7.1 
6.8 
6.9 
6.8 
5.7 
6.8 
6.6 
6.4 
6.o
6·5
6.1
6·9
6·8
6.7
Vegetat.ion 
�; part in a Q.lli!rn i flora 
Spartina patE� 
Juncus 
�:eartina £m:>suroides 
arrowweed 
Spartina patE� 
Scirpus Sp• 
arrowweed 
arrowweed 
arrowweed 
ScirEus Sp• 
�2artina .£Z!2:)Suroides 
arrowweed 
S:eartinr Sp•
Juncus SP• 
'.:Eartina alt-erniflora. 
Spartina SP• 
Spartina SP• 
Spartin!:l Sp• 
Spartina �osnroides 
Spartina. E,at� 
Spartina cynosuroides 
Spartina �osuroides 
S:eartina cynosuroides 
Spartina �tosuroides . 
Spartina 2l!J�osuroides 
Spartina ,!ll,erniflora 
Spartina .£¥!:tosuroides 
Scirpus sp• 
Spartina ,mtosuroides 
Scirpus sp• 
Spartina. pat� 
Spartina alterniflora 
Spartina ��erniflora 
Juncus Sp• 
Spartina &1�erniflora 
Sr2artina alterniflora 
'.�· ediment 
tune 
snn':1 
sand 
sand 
sand 
organic mud 
. � orgf!n1..c mu .... 
organic mud 
organic r.md 
sand 
sand 
organic mud 
sand 
�And 
sand 
mud 
SAnd 
sand 
mud 
sa.".'"ld 
sruid 
nmd 
mud 
mud 
mud 
mud 
mud. 
rrud 
mud 
mud 
mud 
sand 
sand 
sand 
·sand
mud
sand
mud
Table .3· Percentages and estimated total number of species·at estuary stations, 
Species 
ReoBhax: scottii 
HaBlOBhr&RJAOid.es hancocki 
H. aanilaensia
H· wilberti 
ArenoR&rrella mexicana 
Ammobaculites crassus 
A· dilatatus 
A· e.xiguua 
.Ammoastuta salsa 
Millammina earlandi 
M· tusca 
TiRhotrocha com�rimata 
Trochallllaina inflata 
T· macreacena 
T· squmta 
Elt>hidium incertum var. 
E· incertum var· B 
E· subarcticum 
Streblus beccarii var• 
parlcinsoniana 
s. beccarii var• teBida
A 
Estimated total number/20 ml 
3 
33.6 
0.3 
29·8 
31 ·3 
5·1 
168 
Station number 
4 5 6 12 1.3 14 15 
3·7 0.3 
0.3 
0·3 
0·9 0.3 
41.7 1-8 83·0 35.0 23·3 
0·6 
0·3 
0.9 1 ·2 0.3 
0·6 
3.7 2·2 0.3 0·3 
o.6 
16·0 2.2 1.8 0·8 0.2 
26·0 67.0 45·6 62·3 60·9 
7.4 27.3 2·1 6·2 37.0 
1.2 
0·3 1 ·2 
4·6 0.9 6·8 13·8 6·8 
175 277 27 387 208 5.30 559 
June - July, 1962· 
16 17 
0.3 
3.0 81.1 
0·3 
0 
0.9 
67·3 14·3 
29·6 
2·7 
283 21.3 
Table .3· Continued 
SEecies 
ReoBhax scottii 
HaEloEhra�oides hancocki 
H· manilaensis 
H· wilberti 
ArenoQarrella mexicana 
Ammobaculites crassus 
A· dilatatus 
A· exiguus 
Ammoastuta salsa 
Miliammina earlandi 
M· fusca 
Tiphotrocha comprimata 
trochammina inflata 
T· macrescens 
T· sguamata 
El�hidium incertum var. 
E· incertum var· B· 
I• subarcticum: 
Streblus beccarii var• 
parkinsoniana 
s. beccarii var• teEida
A· 
Estimated total number/20 ml
18 
6-0
1 ·0 
75.9 
0.4 
1 • 5 
o.s
3·5 
0.2 
3.3 
259 
Station number 
· 1_9 20 21a 22 
0.5 1.9 2·3 
100 85·5 94·6 88·3 
2·3 1.0 3·2 
5.9 1.0 
1.3 
('\ r: ("\_ c:. v•-,; V•/ 
1 ·4 
4· 1 o.6 4.5
22 27 2587 111 
2.3 24 25 26 27 28 29 30 
o.6 0.3 
0.7 
15·2 78·4 3.0 28·8 2·8 77·8 31 ·4 46.1 
0.3 0.4 
0.7 0.3 
1.6 1 • 1 o.6 0.4 0.7 1·2 3.6 
0.3 'f\) 
0.3 
48·0 14· 1 64·5 60-6 74·8 19·0 65·9 43.5 
13.3 o.6 23·0 10·2 22·1 0·3 3 • 1 
� - 1 0·3 ri. � o.s.J • I ..., - ./ 
0.3 0·3 
18·5 4·2 3.4 0.3 1·3 0.3 2·5 
1487 277 978 143 362 77 361 697 
Table 3• Continued 
Station number 
Species 31 33 34 36 37 38 39 40 42 43 44 45 46 
ReoRhax scottii o.8 o.6 4.2 2.7 2·6 o.6 0.3 0.3 0.2 
Ha�lo�hragmoides hancocki 
H· manilaensis 
H· wilberti 
Areno�arrella mexicana 
Ammobaculites crassus 96·3 95.5 89·2 6·1 47·8 66.1 85.s 78·6 78·5 97.2 91·7 42·5 7.6 
A· dilatatus 0.9 
A· exiguua 0.6 0.3 
Ammoastuta salsa 0.3 
Miliammina earlandi 
M· fusca 1.0 3·2 10.8 1 • 1 27.5 5.7 15·8 18·9 2.6 1·8 3.7 
1\) 
Ti�hotrocha comRrimata 1\) 
Trochamm.ina inflata 0.3 0·5 I 
T • macrescens 0.3 
T· sguamata 
El�hidium. incertum var• A· 1 ·8 13.1 31 ·0 o.6 4.7 26.3 38·7 
E· incertum var• B· 26·4 g.1 o.6 18·9 23·8 
E. 1ubu:;ti2a
Streblus beccarii var.
:earkinsoniana 0.2 0.9 
s. beccarii var. te�ida 0.3 o.6 54.5 12.0 2·1 4·2 1 ·8 1.2 0.3 11 ·8 25.3 
Estimated total number/20 ml 1320 561 102 854 475 737 331 1001 2848 2271 565 746 471 
Table 3• Continued 
Station number 
SEecies 47 48 49 50 51 52 53 54 55 56 57 61 62 
Reo�ha.x scottii 0.3 0.3 1·9 5.3 0.3 
HaRlo�hragmoides hancocki 
H· manilaensis 
H· wilberti 
Areno�arrella mexicana 
Ammobaculites crassus 53·6 54·2 74·8 9406 92· 1 41 ·3 76·7 94.5 96.3 92·5 s1.5 93.8 
A· dilatatus 0.3 o.6 0.5
A· exiguus 
Anunoastuta salsa 1.0 0.3 1·5 1·5 
Miliamrnina ear landi 
M· fusca 13.4 24·8 12·5 5.1 8.1 4.9 3.6 2.1 1 • 6 9.3 3.5 
TiRhotrocha comRri.mata 
Trochammina inflata 0.5 l\) 
T· macrescens 0.3 
\.J.) 
I 
T· sguamata 
ElRhidium incertum var• A 2s.7 11·8 15·9 7·8 
E· incertum var· B· 1.9 0.9 19·0 0.3 
E· subarcticum 3.4 3·9 
St-rQh111R hP�t-�.,..;; vsi-r.
2arkinsoniana 1.6 0.3 1.0 
s. beccarii var• te�ida 1 ·9 3· 1 3·3 0.3 23·8 1·9 1.2 o.6 7.3 
Estimated total number/20 ml 105 1066 1344 2574 686 32 4 52 2205 245 2469 911 2830 
Table 3· Continued 
Species 
Astrammi.na rara 
Reo12hax sco:t:tii 
HaRlo�hragmoides hancocki 
H· manilaensis 
H· wilberti 
ArenoRarrella me.xicana 
Ammobaculites crassus 
A· dilatatus 
A· exiguus 
Ammoastuta salsa 
Hiliammina earlandi 
M· fusca 
Ti:ghotrocha comRrima.ta 
Trochammina inflata 
T· macrescena 
T· aguamata 
ElRhidium incertum var. 
E· incertum var. B· 
E· subarcticum 
Streblus beccarii var. 
P.&rkinsoniana 
s. beccarii var· te�ida
A· 
Estimated total number/20 ml
64 
0.3 
2·7 
0·3 
0·3 
86-6
2·4 
0·5 
6.6 
0·3 
638 
Station number 
65 66 70 71 
3·2 0.3 0.9 0.3 
0.2 0·8 
0.3 0.2 o.8
0.5 
84·7 87·2 82.1 82·4 
0.2 0.3 
6.o o.6 10.8 4.0 
0.3 o.8
5.7 11 .1 3.7 9.5
0.5 
0.3 
0.3 
0.9 1 ·4 0.3 
1920 1100 5136 5280 
72 73 74 75 76 77 78 81 
7·8 3·2 0.9 0.2 0.3 
0·5 3.5 1. 7 1.0 4·6 
o.6 1·7 0.5 1·2 
0.3 1.6 o.6 0.5 4·1 
1·3 Q.8 1·3 2.0 1.2 0.3 
65-6 89·0 82·9 69· 1 62·9 68.o 43·0 92.0 
6·2 5·6 10·2 13.8 18·0 16.9 33· 1 1·7 
0·8 o.6 2·6 2.7 2·3 
12·7 1·6 6-0 o.6 3·2 5·2 1.2 3.9 
o.s o.6 3·2 1.7 3·8 l\) 
o.s 0·3 3.1 1·2 5.5 o.s � 
0·8 3·8 0.9 1·5 o.s
2·3 0·6 0.9 
404 63 1162 840 6986 4422 556 619 
Table 3· Continued 
Species 
Astra.mmina rara 
Reo:Qhax scottii 
Ha2lo2hragmoides hancocki 
H· manilaensis 
H· wilberti 
ArenoEarrella mexicana 
Ammobaculites cras1us 
A· dilatatus 
A· exiguus 
Ammoastuta salsa 
Miliammina earlandi 
M· fusca 
Ti:Qhotrocha com2rimata 
Trochammina inflata 
T· macrescens 
T· sguamata 
ElPhidium incertum var• 
E· incertum var• B· 
E· subarcticum 
Streblus beccarii var• 
2arkinsoniana 
s. beccarii var• teQida
A· 
Estimated total number/20 ml 
82 83 91 
o.6
0.3
0.3
97.4 91·5 
0.3 
2·7 2·7 
3.9 
0.3 
4452 1 Oil 
Station number 
101 102 103 230 233 234 
o.s
o.6 5.9 
1 • 1 
0.5 
0.3 0.3 
3·8 
96·8 96·9 91·2 75·6 95.9 96·6 
Q.8 0.3 
0.3 0.3
10.6 
0.5 
2.9 2.1 2·2 3.5 4.0 3.5 
1.6 
0.5 v, 
0.3 0.3 
3 2702 4343 6600 2030 6857 3525 
Table 4· Number of living specimens 
Species 
Reophax scottii 
Haplophragmoides hancocki 
Ammobaculites crassus 
Ammoastuta salsa 
Trochammina inflata 
Miliammina fusca 
Elphidium incertum var· A
E· incertum var• B· 
E· subarcticl.Dll 
Streblua beccarii var• 
-P.&rkinsoniana
s. beccarii var. tepida
Numbtr liv1 coun:ted
Estimated number live/ 20 ml
Total specimens counted
Ii.ve/total ratio 
4 5 
3 2 
3 2 
2 4 
350 307 
.009 ·007
at estuary stations, June - July, 
St1U�n !l!l!!be[ 
13 15 16 17 20 
2 
4 3 8 
-2 1 
1 
4 6 9 2 1 
3 10 5 1 7 
340 330 565 336 392 
.012 ·018 .016 ·006 .003
1962· 
21a 22 23 24 25 26 
3 
1 1 1 
5 7 
1 
1 
3 2 
1 
1 'i 3 5 9 1 
4 5 12 4 27 1 
312 221 383 356 326 286 
.003 ·041 ·008 .014 .028 ·003
Note: Only those stations at which live specimens occurred, and only those species which occurred living are 
listed· 
l\) °' 
I 
Table 4• Continued 
Station number 
Species 27 28 29 30 33 37 38 39 40 42 43 44 45 
Reo12hax scottii 
Ha�lo�hragmoides hancocki 
Ammobaculites crassus 6 15 2 3 16 5 3 8 4 
Ammoastuta salsa 
Trochammina inflata 
Miliamm.ina fusca 17 
El12hidium incertum var· A· 3 7 38 7 2 4 
E· incertum var. B· 
E· subarcticUDl 
Streblus beccarii var• 
P.&rkinsoniana 
s. beccarii var. te�ida 3 
Number live counted 3 7 44 7 16 2 4 4 33 8 3 8 17 
Estimated number live/20 ml 3 4 48 14 26 3 9 4 87 67 20 13 31 I 
Total specimen• counted 362 153 328 359 340 360 335 331 379 339 344 342 407 
Live/total ratio .oos ·046 • 134 .019 .047 .006 .012 .012 ·087 .027 .009 ·023 .042 
Note: Only those stations at which live specimens occurred, and only those species which occurred living are 
listed· 
Table 4· Continued 
Station number 
Species 46 47 48 49 50 51 52 54 55 56 57 61 63 
Reo12hax seo:ttii 2 
Ha12lo12hragmoides hancocki 
Ammobaculites crassus 1 1 2 2 1 1 48 2 
Ammoastuta salsa 1 
Trochammina inflata 
Miliammina fusca 1 2 13 2 
EJJ2hidium incertum var· A· 4 7 
E· incertum var·�· 
E· subarcticum 
Streblus beccarii v1r• 
12�kinsoni1m1 2 
s. beccarii var• teRida 9 14 1 
NU11ber live counted 21 8 3 17 2 1 1 1 2 51 2 1 1 
Estimated number live/20 ml JO 4 10 68 15 2 1 1 13 38 13 5 1 I 
Total specimens counted 328 209 323 336 351 322 63 103 334 ·326 377 345 362 
!j,ve/total ratio .064 .033 .009 ·054 .006 .003 .016 .010 ·006 ·156 .005 ·003 .003 
Note: Only those stations at which live specimens occurred, and only those species which occurred living are 
listed· 
Table 4· Continued 
Species 
Reo12hax scottii 
Hal12hlo12hra�oides hancocki 
Amm.obaculites crassus 
Ammoastuta salsa 
Trochammina inflat9 
Miliammina 11&1;& 
Ell2bidium inctttYm var· 
E· incertum Vil:• B· 
E· subarctic\111 
Streblus beccarii v&�· 
R&rkinsoniana 
s. beccarii var. te�ida
Number live counted 
A· 
Estimated number live/20 ml 
'rn+.� 1 �PP.�i mPnR �nnnt.P.rl 
I.i.ve/total ratio 
66 70 
13 2 
3 
2 
15 5 
47 60 
350 428 
.043 .012 
Station number 
71 72 78 83 101 102 
1 
4 13 38 7 
1 
2 
5 16 1 1 38 7 
66 17 2 3 334 92 I 
400 385 345 332 307 329 
.013 .042 .003 .003 .124 .021 
Table 5· Percentages and estimated total nwnbers of species at marsh stations, 
Species 
Astrammina rara 
Reo12hax s12• 
Ha12lo12hragmoides hancocki 
H· manilaensis 
H· wilberti 
H· s12• A· 
ArenoRarrella mexicana 
Ammob&�Y Ji ttu� 
A· dilatatus 
A· exiguus 
�;raaau 
Ammoastuta salsa 
Ti]2hotrocha com�rimata 
Trocharnm1na inflata 
T· macreacena 
Miliamm:ina ea1:land;L 
M· fusca 
E!Rhidium SJ2• 
5t;r1blY:11 beccarii 
Chitinous, unspecified 
200 
0.4 
6.1 
5.9 
0.2 
0.4 
12.1 
0.4 
30·3 
13·7 
4.0 
0.9 
12·1 
13.4 
Estimated total number/20 ml 1581 
�tation number 
201 202 203 204* 
1.0 2·4 
14·8 4.7 3.3 
2·3 2·8 2·6 
1.6 1·5 0.5 
4.9 2.2 
8·5 1-7·7 50.0
16.6 34·2 35·9 
23·3 1.9 26.0 50·0 
20.5 o.6 3· 1 
1·6 2.6 0.9 
1.8 43.9 5.9 
3.1 3.2 4.0 
153 2 
*Percentages based on less than 5� specimens
205* 206* 207* 
2.1 
9.0 8·3 
9.0 6·9 
3.5 
9.0 2·8 
0.7 50.0 
9.0 22· 1 
9·0 7.6 
2.s
11·7 50.0 
55·0 31 ·7 
4 48 2 
June - July, 1962· 
208* 209 212* 
7·1 
100.0 36·4 
7·1 27·3 ""' 
0 
7.1 
9.9 
28·6 27.3 
50.0 
3 30 4 
Table 5· Continued 
Species 
Astrammina r1ra 
Reo:ghax S:Q•
Hal2lo�hragmoides hinCQcki 
H· manilaensis 
H· wilberti 
H· SJ2• A· 
Areno�arrella mexicana 
Ammobaculites cras§us 
A· dilatatus 
A· exiguus 
Anunoastuta salsa 
'lll2hotrocha com�ri.mat1 
Trochanunina inflata 
T· macrescens 
Miliammina earlandi 
M· fusca 
Elphirl i nm R"Q. 
Streblus beccarii 
Chitinous, unspecified 
Estimated total number/20 ml 
213 
2·5 
5.s
2.1
2.s
0.5 
0.5 
42·2 
5.1 
0.2 
25·2 
4.9 
3564 
Station number 
215 216 217 218 
o.6 0.7 0.3 
9.s 10.5 0.3 
2 ·3 2.1
9.4 10.5 
2·4 2.1 42·3 18· 1 
0.1 2·6 
39.9 0.3 3 • 1 
1 Al2 2.1 0.3 
o.6 3.5
6-1 9.1 0.5 
4.6 4.9 
1.6 0.7 53.7 77·8 
17.3 12.6 0.5 
434 47 369 1203 
220 221 222 223 224 225 226 227 
0.7 
2·2 0·5 0.5 2·6 2·2 
0·3 0·5 0·2 0.5 2·2 1·0 0.5 
0·2 0·5 0.2 1 ·0 0.7 1.2 
0·2 0.2 1·2 
0·2 0.2 0.5 
2·8 42·5 3·2 6·2 13.0 19·8 10.1 
28· 1 6-6 6·3 12·6 21 ·2 30·7 7.3 
o.6 0·5 0.9 
4·2
30·0 7.4 0.2 
5.9 24·5 5.9 6-2 19.5 17·3 7.7 
1 ·4 14·0 1 ·0 1·0 3·8 4.7 0.5 
0.7 2·9 0·2 
0.3 2·2 0.7 2·4 0·7 0.7 
54·2 8·1 81 ·3 72·0 13·6 67.9 
0.2 
0.2 1 ·2 
330 207 904 872 331 283 17 782 
Table 5· Continued 
Species 
Astrammina rara 
Reo:ghax SQ• 
Ha:glo�hragmoide§ ha.n�Q�ki 
H· manilaensis 
H· wilberti 
H· s2• A· 
Areno:garr�lla mexieana 
.Ammobaculites crassus 
A· dilatatus 
A· e.xiguus 
Ammoastuta salsa 
Tiphqtrocha comprimata 
Trochammina inflata 
T. macrescens
Milamm.ina earlandi 
M· fusca 
ElJm.idium SQ.
Streblus beccarii 
Chitinous, unspecified 
Estimated total number/20 ml 
228 229 
22·5 5·8 
1·7 12·8 
2·0 6.o
1.7 0.2 
3.0 
2.0 15·8 
0.9 
51 ·2 9·6 
3·7 26-6
0·7 3·6 
2·0 3.4 
4.7 12·2 
0·5 0·6 
194 1190 
Station numbers 
231 232 235 
0.4 1·6 
5.3 6.8 2.0 
3·8 3.0 2.0 
0.2 4.3 
2·9 1·3 1.2 
18· 1 2.1 2.0 
0.2 1·7 10·2 
30·2 14·7 52·3 
21 ·0 26·4 3.2 
6-4 7.5 1.6 
0.7 1·7 6·2 
7.5 6-o 10.2
3.5 28· 1 3· 1 
0.4 0.4 
1282 1204 360 
236 237 238 239 240 241 
0.5 2·8 2·4 13·3 4·2 1·3 
4.0 g.9 2·6 3.7 4.g 6-8
1 • 1 3.0 2·8 1 • 9 2.4 0.3
1 • 1 2·6 2.1 2.7 1.5 
1.6 0.2 1.7 2.7 
1 • 1 0.9 6.o 1·8 
g.9 0.4 6-2 0.5 2.7 1.3 
0.3 
50·2 51 • 9 42.0 52·4 43.7 1.5 
2·7 6-5 6.o o.8 27·9 \..,..) 
2·4 o.8 o.6 0.3 10.0 
l\) 
4·6 4.3 3.9 1 • 1 1.9 1·3 I 
10.3 13.9 a.a 16.5 21.3 3 • 1 
a.9 1·7 14·6 10.1 12·7 42·4 
1.9 1·3 0.5 
177 323 576 716 794 604 
Table 5· Continued 
Station numbers 
Species 242 246 249 250 251 252 
Astrammi.na rara 1 • 1 
Reo;ehax s12• 
HaElOEhraS!!oides 5.3 1·4 0.4 0·3 0.3 
H· manilaensis 4.0 0.9 0·3 0.3 
H. wilberti 4.2 
H· s:e• A· 
Areno:earrella mexicana 32·5 4.0 1·0 12·4 40·8 4·3 
Ammobaculites crassus o.s 1·5 20.s
A· dilatatus 1·5 2·5
A· e.xiguus 0.3 0.3 2·0 0.2 1-6
Ammoastuta salsa 21.1 10· 1 
Ti;ehotrocha com:erimata 13.2 23.7 10.6 18·5 24·6 3 • 1 
Trochamnina inflata 11.6 2·9 0.5 1·3 23·5 0·3 
T· macrescens o.a 2·9 0·3 
Killannina earlandi 4.0 5.g 0·4 1·4 
K· fusca 1·3 41 ·3 76·9 59·6 2·5 65·5 
El:ehidium SJ2• o.6
Streblus beccarii var• 1·5 o.6 o.6
Chitinous� unspecified o.6
Estimated total number/20 ml 1927 258 1095 2034 3880 694 
Table 6. Number of living 
Species 
Haploghragmoides hancocki 
H· manilaensis 
Arenogarrella mexicana 
Ammobacul:j.tes crassus 
A� dilatatus 
Ammoastuta salsa 
Tiphotrocha comprimata 
Trochammina inflata 
Miliammina earlandi 
M· fusca 
Elphidium sp• 
Streblus beccarii 
Number of live counted 
Estimated number live/20 ml 
Total specimens counted 
L/T Ratio 
* Sample size insuificient
species at marsh stations, June - July, 
Station numbers 
202 206 215 216 217 218 220 
3 
2 2 
2 
1 14 19 
4 2 2 3 14 20 
1 1 1 3 54 19 
465 43 668 l45 381 328 356 
2 * ·3 * o.a 4.3 5·6 
1962· 
221 222 223 224 225 226 227 
2 1 1 1 
2 7 2 2 
2 2 3 
1 
2 15 17 2 17 
7 15 23 9 3 2 25 
5 33 49 8 2 1 46 
407 412 404 416 404 51 427 
1.7 3·6 5.9 2·2 0.7 * 5o9
Table 6· Continued 
SEecies 
Ha2lo2hra�oides hancocki 
H· manilaensis 
Areno2arrella mexicana 
Ammobaculites crassus 
A· dilatatus 
Ammoastuta salsa 
Tiphotrocha comprimata 
Trochammina inflata 
Miliammina earlandi 
M· fusca 
El2hidium s2· 
Streblus beccarii 
Number of live counted 
Estimated number live/20 ml 
Total specimens counted 
L/T Ratio 
228 
1 
5 
1 
10 
3 
10 
30 
16 
379 
7.9 
Station numbers 
229 231 232 235 236 237 
2 
10 
2 3 
2 2 3 
1 2 2 
5 3 3 4 20 
12 9 9 2 14 
498 453 470 256 368 449 
1·0 ·7 ·6 .4 1 • 1 4.5 
238 239 241 242 246 249 250 252 
3 
7 7 
4 1 12 
1 
1 3 1 
5 1 8 
1 
'.) 2 ..) 
2 10 3 13 
1 
6 2 \.t.J 
Vl 
3 11 14 26 1 19 29 
6 18 76 20 3 83 62 
465 376 385 379 344 398 453 322 
0.2 o.8 2·9 3.7 7·6 0.3 4.2 9.0 
